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Section  I 

Introduction 


The  useful  service  life  of  hydraulic  fluid  in  armored  vehicles  is  needed  to  eliminate 
unnecessary  hydraulic  fluid  changes  and  to  eliminate  damage  to  hydraulic  systems 
caused  by  deteriorated  hydraulic  fluids.  Because  of  a  lack  of  data  cotrelating 
hydraulic  fluid  properties  with  the  age  and  usage  history  of  the  hydraulic  system, 
fluid  change  policies  have  been  established  for  individual  armored  vehicles  which 
range  from  extremely  conservative  to  nonexistent.  For  example,  some  lube  orders 
recommend  that  the  hydraulic  fluid  be  changed  every  6  months,  while  others  require 
no  changes  and  no  testing,  thus  allowing  the  fluid  to  remain  in  the  vehicle  for  the 
entire  life  of  the  hydraulic  system. 

To  establish  in-service  use  limits,  baseline  data  is  required  showing  the  physical 
property  changes  of  the  hydraulic  fluid  along  with  the  vehicle’s  usage  history. 
Operational  vehicles  with  hydraulic  fluid  of  known  ages  were  needed  for  testing  on  a 
regular  schedule.  The  data  would  be  used  to  determine  a  sensible  change  interval  for 
the  hydraulic  fluid  based  upon  easily  measured  physical  properties  or  a  standard  time 
interval. 

Since  at  least  two  military  hydraulic  fluids — MIL-H-60831  (OHT)  and  MIL-H- 
461702  (FRH) — are  used  in  various  pieces  of  military  equipment  under  varying 
conditions,  it  is  dear  that  information  for  the  different  fluids  in  specific  pieces  of 
equipment  should  be  determined  before  any  generalizations  concerning  change 
intervals  for  all  hydraulic  fluids  in  all  pieces  of  equipment  can  be  made. 

The  Fort  Sill,  OK,  in  Corps  Artillery  was  approached  to  cooperate  in  this  program 
since  it  is  a  source  of  self-propelled  artillery  being  used  in  regular  Army 
environment.  Personnel  from  the  in  Corps  were  willing  to  provide  test  vehicles  and 
personnel  to  draw  samples  and  provide  the  accompanying  vehicle  log  data  for  the 
program.  The  Belvoir  Research,  Development  and  Engineering  Center  (BRDEC), 
Materials,  Fuels  and  Lubricants  Directorate,  Fuels  and  Lubrican's  Division,  provided 
guidance,  hydraulic  fluid  sampling  containers,  and  testing  of  the  samples.  MIL-H- 
6083  is  the  hydraulic  fluid  used  in  the  M109A3s  and  M110A2s  participating  in  the 
program. 
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Section  II 

Approach 


i 


The  purpose  of  the  testing  program  was  to  develop  meaningful  in-service  use  limits 
and  to  provide  information  for  establishing  standard  drain/replacement  intervals  and 
procedures  for  OHT  hydraulic  fluid  being  used  in  self-propelled  artillery. 

A  total  of  17  M109A3s  and  M110A2s  from  several  battalions  were  selected  for 
participation  in  the  program.  It  was  essential  that  each  participating  Howitzer  have 
hydraulic  fluid  of  known  age  at  the  beginning  of  testing  so  the  properties  of  the  aging 
fluid  could  be  tracked  by  fluid  age,  hours  of  service,  and  miles  driven.  Hydraulic 
fluid  samples  were  drawn  every  6  months  and  sent  to  the  Fuels  and  Lubricants 
Division  for  testing  along  with  hours  of  service,  mileage,  fluid  replenishment,  and 
other  miscellaneous  information.  The  Test  Plan  is  included  as  Appendix  A. 

Appendix  B  is  a  listing  of  participating  vehicles  with  their  fluid  ages,  mileages,  hours 
of  service,  and  firing  data.  The  beginning  fluid  age  was  unknown  for  several  of  the 
vehicles.  In  these  cases,  the  age  is  indicated  as  "00+month”  to  show  that  the  age  is  at 
least  0  months,  or  "13+months"  to  indicate  that  the  fluid  is  at  least  13  months  old. 
Since  there  is  very  little  data  on  "old"  hydraulic  fluid,  these  samples  can  provide 
valuable  information  to  support  conclusions  on  hydraulic  fluid  aging,  even  though 
their  dam  cannot  be  used  to  indicate  the  condition  of  fluid  on  an  absolute  age.  A  few 
vehicles  required  a  complete  fluid  change  during  the  program  because  of  a  hydraulic 
component  change  or  by  Army  Oil  Analysis  Program  (AOAP)  direction.  The  fluid 
age  reflects  this  action. 
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Section  III 

Test  Results 


After  18  months  of  testing,  no  discernible  trends  of  hydraulic  fluid 
deterioration  were  apparent  in  fluid  samples  up  to  32  months  old.  Most  fluid 
properties,  except  fluid  cleanliness,  remained  within  the  limits  of  the  MIL-H- 
6083  specification  for  new  fluid.  Most  hydraulic  fluid  samples  were  very 
dirty,  far  exceeding  the  MIL-STD- 1246,  Level  200  3  cleanliness  standards 
established  for  the  vehicles  (see  Appendix  C).  Appendix  D  lists  typical 
values  and  specification  limits  for  new  hydraulic  fluid.  Appendix  E  is  a 
tabulation  of  all  laboratory  data  for  each  vehicle.  Appendix  F  lists  most  the 
data  by  fluid  age  to  highlight  any  trends.  A  discussion  of  each  of  the  tests  and 
results  follows. 

WATER  CONTENT 

The  percentage  of  water  was  determined  using  the  American  Society  for 
Testing  and  Materials  (ASTM)  D1744  Kart  Fischer  Reagent  method.  The 
specification  limit  is  0.05%  (500  para  per  million).  Only  20  of  the  62  fluid 
samples  met  this  limit  Excessive  water  promotes  corrosion  and  breakdown 
of  the  corrosion  inhibitor,  so  water  should  be  carefully  controlled. 

TOTAL  ACID  NUMBER 

The  acid  number  was  determined  by  the  ASTM  D664  potentiometric  titration 
test  method.  Unfortunately,  data  were  not  obtained  in  October  1989  and  May 
1990  due  to  an  equipment  malfunction.  There  were  no  significant  differences 
in  the  acid  number  values  for  the  samples  analyzed.  An  increase  in  acid 
number  indicates  a  breakdown  of  the  hydraulic  fluid  additives  and  a  buildup 
of  corrosive  by-products. 

GALVANIZED  CORROSION 

A  few  samples  were  tested  for  galvanic  corrosion,  determined  by  Federal  Test 
Method  Standard  (FTM)  79 1C,  method  5322,  to  check  for  the  development  of 
corrosive  by-products  or  deterioration  of  the  corrosion  inhibitors.  No 
galvanic  corrosion  was  detected. 


3 


VISCOSITY  AT  40°C 


Kinematic  viscosity  was  determined  by  the  ASTM  D445  method.  There  were  no 
discernible  changes  in  viscosity.  This  type  of  hydraulic  fluid  may  suffer  a  decrease  in 
viscosity  as  the  viscosity  index  (VI)  improver  is  broken  down  (sheared)  through 
usage. 

STEEL*ON*STEEL  WEAR 

Steel-on-Steel  Wear,  the  4-Bail  Wear  Tfest,  was  performed  according  to  ASTM 
D4172  on  about  half  of  the  fluid  samples.  A  discernible  trend  was  not  confirmed, 
although  additional  testing  of  older  samples  may  show  that  the  wear  scar  diameter 
increases  as  the  fluid  age  increases.  Appendix  Q  presents  a  graph  of  fluid  age  and 
wear  scar  diameter  showing  the  possibility  of  a  trend.  This  test  correlates  well  with 
full  scale  pump  tests  in  determining  the  ability  of  a  fluid  to  protect  metal  components 
from  wear. 

SOLID  PARTICLE  CONTAMINATION,  GRAVIMETRIC  METHOD 

Fluid  samples  were  filtered  through  0.4S  micron  filters  to  measure  the  total  amount 
of  solid  particulate  contamination  according  to  ASTM  F313.  Hydraulic  fluid  must  be 
ultra  clean  to  protect  sensitive  hydraulic  components.  Even  fluid  samples  with  no 
visible  contamination  may  be  excessively  contaminated.  In  addition,  din  and  water 
contribute  to  the  premature  breakdown  of  the  hydraulic  fluid,  and  abrasive  particles 
cause  wear  of  sealing  materials.  The  fluid  specification  limit  is  0.5  milligram  per  100 
milliliters  of  hydraulic  fluid.  Only  two  of  the  62  samples  met  this  limit  Many  were 
10  or  20  times  this  amount;  several  were  not  determined  since  the  contamination  was 
excessive,  with  visible  seeds  and  other  debris.  It  is  possible  that  at  least  some  of  the 
contamination  was  introduced  during  sampling.  This  type  of  excessive 
contamination  causes  wear  and  failure  of  hydraulic  components.  Usually,  these 
failures  are  not  catastrophic  so  tha*  the  true  cause  of  failure  is  not  traced  to  the 
condition  of  the  hydraulic  fluid. 

PARTICLE  SIZE  DISTRIBUTION 

The  solid  contaminants  were  also  determined  on  the  automatic  particle  counter  for 
most  samples.  Samples  with  excessive  contamination  were  not  determined  because 
of  potential  damage  to  the  automatic  particle  counter.  This  data  confirmed  the 
gravimetric  data  which  showed  contamination  exceeding  many  fluid  cleanliness 
standards.  The  hydraulic  fluid  cleanliness  standards  shown  in  Appendix  C  are 
BRDECs  fluid  cleanliness  standards  for  construction,  earthmoving,  and  material 
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handling  equipment;  MIL-STD-1246B,  Level  2003,  the  hydraulic  fluid 
contamination  limit  for  all  new  and  rebuilt  M109  models;  NAVAIR  01-1  A- 17, 4  the 
widely  used  Navy  technical  manual  for  aviation  hydraulics;  and  NAS  1638,  a  1964 
document  of  the  Aerospace  Industries  Association  of  America,  Inc.,  which  provides 
cleanliness  requirements  for  parts  used  in  hydraulic  systems.  Most  Fort  Sill  samples 
exceeded  all  of  these  standards. 


Section  IV 

Correlation  with  AOAP  Data 


The  AOAP  was  designed  to  analyze  engine  oil  samples  to  detect  unusual  wear  before 
a  major  failure  occurs.  This  spectrometric  analysis  of  the  hydraulic  fluid  can 
measure  metallic  wear  particles  in  the  hydraulic  system  which  could  indicate  an 
imminent  failure.  However,  this  method  does  not  measure  large  quantities  of  non- 
metallic  solid  contamination  in  the  hydraulic  fluid,  which  is  a  major  cause  of 
hydraulic  system  failures.  The  crackle  test  used  by  AOAP  labs  to  measure  water 
contamination  in  adequate  for  engine  oil  samples,  but  not  for  hydraulic  fluid, 
although  it  does  indicate  excessive  water  and  has  some  value. 

Hydraulic  fluid  test  data  from  the  AOAP  were  obtained  so  that  correlations  with  the 
physical  property  data  from  the  Use  Limits  Ibsting  Program  could  be  made. 
Appendix  H  lists  all  available  AOAP  data.  Since  AOAP  sampling  of  hydraulic  fluid 
is  required  annually,  it  would  be  desirable  to  correlate  hydraulic  fluid  deterioration 
with  data  being  obtained  in  AOAP  testing.  Most  samples  were  not  sent  to  the  AOAP 
lab  the  same  day  they  were  taken,  so  few  direct  comparisons  could  be  made.  An 
attempt  to  correlate  AOAP  silicon  values  with  gravimetric  data  was  unsuccessful.  It 
appears  there  are  no  useful  correlations  between  the  Use  Limits  Testing  Program  data 
and  the  AOAP  data. 
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Section  V 

Hydraulic  Fluid  Patch  Test 


The  US  Navy  uses  a  Hydraulic  Fluid  Contamination  Analysis  Kit  for  testing  aircraft 
hydraulic  fluids  aboard  ship  where  laboratory  hydraulic  fluid  analysis  is  not 
available.  This  kit  is  described  in  technical  manual  NAVAIR  17-15E-52.5  A  100 
milliliter  hydraulic  fluid  sample  is  Altered  through  a  5.0  micron  Alter  (the  "patch") 
and  then  the  color  of  the  patch  is  compared  to  known  color  standards  for  a  fast  go/no- 
go  test  of  the  cleanliness  of  the  hydraulic  fluid.  The  color  standards  range  from  white 
to  varying  shades  of  grey  or  white  to  varying  shades  of  tan.  The  color  standards 
correspond  to  the  NAVAIR  01-1 A-174  Particle  Contamination  Level  Classes. 

Classes  1  through  5  are  acceptable  and  Class  6  and  above  unacceptable  for  aircraft 
(Appendix  C).  Unacceptable  hydraulic  fluid  must  either  be  cleaned  in  a  purifying 
unit  or  a  complete  flush-and-All  is  required.  The  patch  kit  technique  is  appealing 
since  it  is  inexpensive,  simple  to  perform  in  the  fleld,  and  quite  reliable  for  the  high 
cleanliness  standards  required  for  Naval  aircraft. 

Since  this  type  of  patch  kit  testing  could  easily  be  used  for  monitoring  hydraulic  fluid 
samples  from  ground  vehicles,  Fort  Sill  hydraulic  fluid  samples  were  Altered  through 
5.0  micron  Altera  to  gather  data  useful  to  assess  the  patch  ldt  method  for  armored 
vehicles.  The  patches  were  retained  for  comparison  with  the  Navy  color  standards 
and  with  other  particle  contamination  data  obtained  during  the  testing  program. 

These  patches  may  be  used  as  future  standards  if  a  patch  test  is  adopted  for  armored 
vehicles. 

The  patches  show  a  rough  correlation  between  the  weight  of  gravimetric  insoluble 
material,  the  automatic  particle  count,  and  the  Navy  patch  class.  Appendix  I  lists  the 
patch  test  correlation  data.  Since  most  of  the  Fort  Sill  samples  failed  the  Navy  patch 
test,  which  has  a  maximum  rating  of  6,  additional  patch  ratings  of  7, 8,  and  9  were 
assigned  to  describe  many  of  the  Fort  Sill  samples,  which  were  darker  shades  of  grey 
to  black.  This  was  done  to  determine  if  the  patch  colors  correlated  with  the  quantity 
of  contamination.  A  graph  of  gravimetric  insolubles  versus  the  "Extended"  Navy 
Patch  Kit  Ratings  is  shown  in  Appendix  J.  A  difficulty  using  the  patch  test  at  high 
contamination  levels  was  that  there  was  less  color  difference  between  samples  than  at 
the  lower  contamination  levels  so  that  discrimination  between  different  levels  of 
cleanliness  was  more  difficult,  if  not  impossible. 
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However,  this  method,  with  appropriate  color  standards  for  ground  vehicles,  would 
be  useful  for  self-propelled  artillery  if  improved  filtration  is  used  on  each  vehicle  so 
that  the  hydraulic  fluids  become  much  cleaner.  With  the  installation  of  new  and 
improved  filtration  units  on  each  vehicle,  an  increased  awareness  of  hydraulic  fluid 
cleanliness  would  be  required.  At  that  time,  a  method  of  monitoring  hydraulic  fluid 
cleanliness  would  be  desirable  and  the  patch  test  method  is  a  good  candidate. 


Section  VI 

Conclusions  and  Recommendations 


No  hydraulic  fluid  deterioration  trends  can  be  confirmed  at  this  time,  approximately 
halfway  through  the  anticipated  testing  program.  It  is  recommended  that  this 
program  continue  until  all  original  samples  have  reached  a  36-month  age.  Additional 
acid  number  and  4  Ball  Wear  Test  data  will  be  very  informative. 

All  fluid  samples  were  quite  dirty  and  most  contained  too  much  water.  Improved 
techniques  and/or  equipment  modifications  are  needed  to  eliminate  this  problem. 
Fluid  cleanliness  and  water  control  can  be  achieved  in  many  ways.  Improved 
filtration  is  recommended  to  remove  the  solid  contaminants.  Care  must  be  taken  in 
filling  and  replenishing  hydraulic  systems  to  avoid  introducing  contamination  into 
the  system.  Opened  hydraulic  fluid  cans  and  leftover  fluid  must  be  discarded  since 
the  fluid  becomes  contaminated  when  the  container  is  opened.  Use  of  a  portable 
fluid  purifier  unit  can  be  a  useful  maintenance  procedure.  Redesign  to  include  a 
closed  hydraulic  system  would  provide  significant  cleanliness  and  water 
improvements.  Also,  reservoir  purifier/breathers  can  prevent  some  moisture  and 
contaminants  from  entering  the  system.  A  significant  improvement  in  the  cleanliness 
of  the  hydraulic  fluid  would  prevent  unnecessary  fluid  changes  and  thus  reduce  costs 
of  fluid  replacement  and  disposal. 
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Appendix  A 

In-Service  Use  Limits  for  MIL-H-6083 
Used  in  Self-Propelled  Artillery- 
Test  Plan 

PURPOSE 

To  develop  meaningful  in-service  use  limits  and  assist  in  establishing  a  standard 
drain/replacement  procedure  for  MIL-H-6083  (OHT)  hydraulic  fluid  being  used  in 
self-propelled  artillery. 

SCOPE 

OHT  samples  are  to  be  drawn  at  regular  intervals  from  the  hydraulic  fluid  systems  of 
M109  and  Ml  10  Self-Propelled  Artillery  located  at  the  in  Corps  Artillery,  Fort  Sill, 
OK.  The  samples  will  be  analyzed  at  this  laboratory  for  water  content,  total  acid 
number,  corrosion  protection,  particulate  contamination,  viscosity,  and  other  tests 
deemed  appropriate.  The  laboratory  results  will  be  correlated  with  those  data 
obtained  through  the  Army  Oil  Analysis  Program  (AOAP)  and  the  vehicle  log  data, 
such  as  accumulated  mileage  between  sampling,  hours  of  operation,  number  of 
firings,  etc.,  to  determine  OHT  in-service  use  limits  for  these  vehicles. 

POINTS  OF  CONTACT 

Fort  Sill  is  willing  to  support  the  OHT  in-service  use  limits  testing. 

Points  of  contact  axe: 

1 .  U  Col.  S t  Cyr  DSN  639-4962, 639-6509 

2.  apt  Taylor  DSN  639-4962, 639-6485 

3.  MSgt  Tronson  DSN  639-4962, 639-6485 

Headquarters,  HI  Corps  Artillery 
ATTN:  AFVI-HD 
Fort  Sill,  OK  73503 
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The  US  Army  Belvoir  Research,  Development  and  Engineering  Center  (BRDEC)  has 
overall  program  responsibility.  Point  of  contact  is  Ms.  Connie  Van  Brocklin, 
Materials,  Fuels  and  Lubricants  Laboratory,  Fuels  and  Lubricants  Division,  Fort 
Belvoir,  VA  22060-5606,  Telephone:  DSN  354-4594,  Commercial  (703)  664-4594. 

RESPONSIBILITIES 

Fort  Sill: 

•  Identify  M109  and  Ml  10  vehicles  that  will  be  dedicated  for  this  project. 

•  Draw  OHT  samples  according  to  agreed-  upon  procedures,  provide  vehicle 
information,  and  send  the  samples  and  vehicle  information  sheets  to  BRDEC. 
Concurrent  with  the  sampling,  submit  an  additional  sample  to  the  AOAP 
laboratory  and  provide  a  copy  of  their  results  to  BRDEC. 

BRDEC: 

•  Provide  sampling  instructions,  sample  containers,  vehicle  information  sheets, 
and  shipping  containers  for  Fort  Sill. 

•  Analyze  OHT  samples  in  the  laboratory. 

•  Develop  OHT  in-service  use  limits  and  disseminate  results. 

PERIOD  OF  TEST 

Sampling  of  hydraulic  fluid,  at  intervals  of  approximately  6  months,  will  commence 
as  soon  as  possible,  and  continue  until  samples  representing  usage  periods  from  0 
months  to  3  years  or  longer  have  been  acquired  from  selected  vehicles.  If  some  of 
the  selected  vehicles  have  not  had  a  hydraulic  fluid  replacement  for  2  yean  or  more, 
and  if  their  present  maintenance  records  contain  data  such  as  date  of  fluid  change, 
houn  of  operation  or  accrued  mileage,  and  number  of  firings  since  the  last  fluid 
change,  it  is  anticipated  that  this  project  could  be  completed  within  a  period  of 
approximately  1  year.  If  such  data  do  not  exist,  the  project  will  be  required  to 
continue  until  the  fluids  show  evidence  that  their  continued  use  could  prove 
detrimental  to  the  hydraulic  fluid  and  gun  control  systems.  However,  it  is  anticipated 
that  this  testing  program  should  not  exceed  2  yean. 


A-2 


DETAILED  TEST  PROCEDURES 


1.  Selection  of  Test  Vehicles  and  Sampling  Interval 

The  success  of  this  project  depends  upon  accurate  hydraulic  fluid  data  from  the 
maintenance  records  of  each  vehicle  accompanying  each  sample.  The  maintenance 
records  of  the  vehicles  to  be  selected  for  this  program  must  contain  the  date  of  last 
hydraulic  fluid  replacement  (and  the  basis  for  this  change)  and  supporting 
information  concerning  mileage,  hours  of  operation,  and  number  of  firings  (to 
correlate  the  effects  of  firing  to  the  life  of  the  hydraulic  fluid).  The  only  useful 
information  will  be  acquired  from  sampling  the  same  fluid  from  the  same  vehicle 
over  time.  It  is  proposed  that  sets  of  four  vehicles  (i.e.,  two  M109s,  two  Ml  10s)  be 
selected  for  sampling  which  meet  each  of  the  following  conditions: 

•  M 109  and  Ml  10  vehicles  having  had  their  OHT  changed  recently 
(i.e.,  representing  new  or  extremely  low  use  conditions). 

•  M109  and  Ml  10  vehicles  having  their  OHT  In  use  for  approximately  1  year 
without  being  changed. 

•  M109  and  MHO  vehicles  having  their  OHT  in  use  for  approximately  2  years 
without  being  changed. 

•  M109  and  MHO  vehicles  having  their  OHT  in  use  for  approximately  3  years 
without  being  changed. 

This  test  set  will  comprise  a  total  of  16  vehicles— eight  M109s  and  eight  Ml  10s. 
When  selecting  the  16  vehicles,  every  attempt  should  be  made  to  match  the  vehicles 
as  closely  as  possible  to  each  other  within  each  of  the  four  OHT  "use"  conditions. 
Once  selected,  these  vehicles  should  not  be  subjected  to  the  "prevailing" 
drain/replacement  interval  for  OHT  unless  absolutely  necessary  since  any  vehicle 
changes  will  affect  data  collection  and  subsequently  introduce  variables  that  we 
cannot  account  for. 

Draw  initial  fluid  samples  from  each  of  the  "selected"  vehicles.  Samples  are  then  to 
be  obtained  at  6-month  intervals.  It  is  anticipated  that  this  sampling  will  provide 
sufficient  data  to  establish  meaningful  in-service  use  limits  for  OHT. 

Additionally,  valuable  information  will  be  derived  from  this  analysis  of  hydraulic 
fluids  should  any  vehicles  experience  a  hydraulic  fluid  related  problem  as  this 
information  will  be  made  available. 
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2.  Hydraulic  Fluid  Sampling  Procedure 

Standard  AOAP  sampling  techniques  should  be  followed.  However,  the  standard 

AOAP  sample  is  3  ounces  and  the  samples  required  for  BRDEC  testing  are  1  quart 

In  order  to  obtain  samples  representative  of  the  total  contents  of  each  hydraulic 

system,  certain  sampling  procedures  have  to  be  followed. 

•  Determine  the  most  representative  hydraulic  fluid  sampling  point(s)  in  each 
vehicle  to  be  used  for  this  project  Le.,  the  sampling  points  used  for  drawing 
hydraulic  fluid  samples  for  AOAP  analysis. 

•  Subject  the  hydraulic  system  to  an  exercising/circulating  period  to  insure  that  the 
fluid  in  the  system  is  well  mixed  and  the  sample  to  be  obtained  is  representative 
Ideally,  this  exercising  period  should  be  one  during  which  the  OHT  is  allowed  to 
reach  its  normal  operating  temperature. 

•  Rinse  a  clean,  1-quart  sample  container  with  some  hydraulic  fluid  drawn  from 
the  predetermined  sampling  point  Then  completely  fill  the  container  and 
identify  with  a  stick-on  label  containing  vehicle  serial  number  and  sampling  date. 
An  additional,  separate  form  is  required  for  each  sample  which  will  contain  more 
detailed  data  from  the  vehicle  log  book.  A  copy  of  the  form  showing  the  data 
needed  is  provided  as  Attachment  A. 

•  Immediately  following  this  sampling,  withdraw  a  standard  3-ounce  sample  of 
hydraulic  fluid  and  submit  to  the  AOAP  laboratory  for  testing  using  the  normal 
procedures  specified.  When  this  AOAP  testing  is  completed,  send  a  copy  of  the 
AOAP  results  to  BRDEC. 

If  the  withdrawal  of  these  samples  has  lowered  the  amount  of  fluid  within  the 
vehicle's  reservoir  to  below  the  designated  Tull"  mark,  add  the  required  amount 
of  new  OHT.  Record  the  amount  of  OHT  added,  and  any  other  subsequent 
additions  of  fluid  during  the  testing  period. 

•  Forward  samples  to  the  following  address: 

Commander 

US  Army  Belvoir  Research,  Development  and  Engineering  Center 
ATTN:  STRBE-VF  (Ms.  Van  Brocklin) 

Fort  Belvoir,  VA  22060-5606 
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3.  Laboratory  Testing 

The  following  laboratory  tests  will  be  performed  at  BROBCs  Materials,  Fuels, 
and  Lubricants  Laboratory. 

Test 
%  water 

Total  acid  number 
Viscosity,  cSt  at  408C 

Solid  particle  contamination,  gravimetric  method 

Particle  size  distribution  (Note:  performed  only 
when  gravimetric  method  indicates  the  sample 
is  "clean”  enough) 

Galvanic  corrosion* 

Corrosion  rate  evaluation  procedure* 

Stecl-on-stccl  wear  (Note:  performed  only  on 
2  to  3  year  old  samples) 

Chlorine  contamination 


Test  Method 
ASTM  D1744 

ASTMD664 

ASTMD445 

ASTM  F3 13 

Hiac  Automatic 
Panicle  Counter 

FTM5322 

ASTM  D4172 


"This  rest  will  not  be  performed  routinely,  but  only  when  supported  by  ether  test  data. 


DEFINITIONS 


Specification  Limits:  The  physical  and  chemical  requirements  which  a  product 
must  fully  meet  to  be  qualified  and  accepted  at  time  of  procurement.  These  limits  are 
always  cited  in  every  product  specification  as  they  prescribe  the  performance 
capabilities  which  manufacturers/suppliers  must  comply  with. 

Deterioration  Limits:  The  extent  that  properties  of  an  unused  product  may 
deteriorate  beyond  specification  requirements  during  storage  or  handling,  without 
rendering  the  product  unusable.  Deterioration  limits  are  described  in  tolerances 
established  by  MIL-HDBK-200G  which  permit  use,  under  certain  conditions,  of 
products  that  do  not  fully  meet  specifications.  Deterioration  limits  are  often  referred 
to  as  "use  limits." 

In-Service  Use  Limits:  The  extent  to  which  physical  and  chemical  properties  of  a 
product  may  deteriorate  while  in  use  without  adversely  affecting  the  performance 
capabilities  of  that  product.  These  in-service  use  limits  will  normally  exceed  the 
established  deterioration/use  limits  as  they  take  into  account  environmental 
contamination,  system  effects,  additive  depletion,  and  wear-generated  debris.  These 
in-service  use  limits  are  established  after  laboratory  testing  has  been  correlated  with 
field  exercises  knowing  the  full  limitations  of  performance  with  those  products  in 
question. 


VEHICLE  LOG  DATA  TO  ACCOMPANY  EACH  HYDRAULIC  FLUID  SAMPLE 


Vehicle  Serial  Hum  bar: _ 

Vehicle  Type: _ 

Sampling  Point: _ 

Data  aamplad: - 

Data  of  previous  sampling: _ 

Data  of  last  hydraulic  fluid  changs: _ 

Data  of  last  hydraulic  fluid  Uttering  ("recycling**): _ 

Source/name  of  fluid  filtering  ("recycling")  process,  H  known: 


Data  of  last  hydraulic  fluid  Uttar  replacement,  If  applicable: 


Hydraulic  Uuld  added  since  last  sampling: 

Date  Amount  of  OHT  added  Reaaon 


Odometer  reading: _ 

Odometer  reading  since  last  fluid  change: _ 

Total  hours  of  service: _ 

Hours  of  service  since  last  Uuld  change: _ 

Total  number  of  shots  fired  or  squlvslent: _ 

Number  of  shots  fired  or  equivalent  since  last  fluid  change: 
Point  of  contact: _ _ 

Please  enclose  the  AOAP  report  for  this  sample. 
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Appendix  B 

Vehicle  Log  Data/Hydraulic  Fluid  Age 
for  Each  Participating  Vehicle 


>ooo  «o. 
901 10/04 

Vnn.eU  1*4  Ott|/»rdrtul  ie  Hu. 4  *4 • 
ter  Itch  *vtici»tin4  Vtn.eH 

VOOiClO 

tmtr 

0t*#f 

Ip* 

V»*iClt 

f«0 

S*tt*l ion 

Sp*K 

0*tt 

fluid 

*40 

t  fluid 

MOM 

Odaotot 

OtMint 

lna 

SIM* 

Oi*n|o 

171 

1100*2 

1/17 

04*10-04 

07  ant* 

00304 

04204 

171 

0100*2 

1/17 

03*17-41 

14  ant* 

44302 

44223 

i»t 

0100*2 

1/11 

94*23*94 

24  ant* 

02224 

Ul* 

fCftOo 

1114*2 

2/11 

40-23-44 

OO-antn 

02024 

unk 

PCflM 

1114*2 

2/11 

03-04*40 

Olaantk 

02SI7 

art 

fCf  130 

1114*2 

2/11 

I0-4S-M 

I4*ant» 

02404 

unk 

Kf  100 

C-ll 

II  14*2 

2/11 

04*11*00 

OS  anth 

03313 

04430 

201 

0100*2 

2/24 

40-14-44 

8 

1 

s 

04J70 

unk 

201 

0140*2 

2/24 

02*04-00 

II  ant* 

00011 

unk 

FMC200 

•114*2 

0/U 

00-14-44 

12  ant* 

02440 

02040 

7*244 

II  14*2 

S/ll 

03-42-10 

10  ant* 

02S0O 

02040 

nC2M 

1114*2 

0/11 

11-21-00 

27  ant* 

7 

02070 

02070 

nc  2oo 

0-70 

1114*2 

I/ll 

04-11-00 

32  ant* 

11 

02030 

93243 

0100*2 

2/10 

40-H-44 

44  ant* 

04004 

unk 

3  SO 

■140*2 

3/11 

03-43-44 

13  ant* 

91212 

unk 

ISO 

•100*2 

3/10 

14-14-40 

29  ant* 

II 

91S4S 

unk 

3S0 

M2 

•100*2 

2/10 

04-10-00 

20  ant* 

0104 

unk 

•7020 

It  10*2 

I/ll 

04-22-44 

02  oont* 

00040 

00041 

0*7  424 

1114*2 

0/11 

04-42-44 

00  ant* 

94423 

00422 

0*7  420 

•114*3 

0/10 

11-21-40 

it  ant* 

i 

91134 

91134 

M  024 

MO 

(114*2 

1/11 

#4-11-00 

22  ant* 

04317 

01137 

0*7041 

1114*2 

2/10 

00-22-44 

01  ant* 

00077 

00077 

•7041 

1114*2 

2/10 

04-01 -H 

00  ant* 

1 

04400 

00213 

■7  Ml 

II 14*2 

2/11 

10-40-00 

li  ant* 

01344 

91310 

0*7041 

0*12 

1114*2 

2/11 

04-12-00 

04  ant* 

91704 

unk 

1/ 


w 

MM 

00221 

00247 

00271 


00200 


00207 

00244 

00127 

00100 


00007 

00111 

0010! 


00120 

00112 


00|fc 

00220 

00207 

u#k 


00200 

00200 

00207 


00007 

00322 

m* 


00007 

00111 

00102 


00121 


B-l 


»m  a*. 

oino/*o 


2 


VMitll  Ltt  5tt*/Ht#»*et ie  flu. 8  4* 
tar  tick  OartleiMtint  Vtkieia 


ven.el* 

Otnet 

venial* 

fra* 

lattti  ion 

Ukkl* 

0*  ta 

0iu*4 

»0* 

l  rim* 
amm 

Oka*  ter 

•mOiH* 

*n«* 

tinea 

Cnvtp 

%ri 

*l 

Saruic* 

Hat** 

tinea 

Cient* 

arm 

at  1041 

2/10 

00-23-00 

01  awitli 

W143 

x:U 

00*14 

0X14 

arm 

*11042 

2/U 

03-02-00 

oo  *m 

«7?l 

M77I 

0 

QQQIQ 

w  in 

111042 

2/11 

tO-Oi-lt 

03  nefitn 

writ 

00020 

X27I 

00002 

Mr  in 

HI 

111042 

2/U 

04-11-00 

0?  aantn 

X771 

unk 

00200 

unk 

■T72* 

at  1042 

l/il 

00-17-10 

07  Ban tii 

00*11 

00(11 

000*3 

coots 

ar?2* 

■11042 

I/ll 

03-02-00 

14  BMIttl 

30014 

OOM* 

000*7 

000*7 

ar  m 

ai!042 

S/tl 

11-21-00 

22  awitti 

11 

W143 

XI43 

MHO 

MIH 

ar  72i 

C-71 

■11042 

I/ll 

04-11-10 

2?  awtti 

04030 

04030 

00003 

00403 

nn 

■10143 

1/17 

01-11-11 

02  484tti 

U44 

unk 

000*4 

XOOI 

I'M 

■10043 

1/17 

03-17-00 

00  aanth 

OIOM 

000*0 

M200 

Mill 

1IM 

■10043 

1/1? 

00-13-01 

II  aaatli 

02402 

unk 

00214 

Ml  70 

i  in 

4-11 

*10043 

1/1? 

05-10-00 

23  ant* 

01300 

01300 

unk 

unk 

1314 

*10043 

3/H 

0-10-00 

00<4|4t4 

00*11 

unk 

000*4 

00040 

13'* 

*10043 

3/11 

03-03-00 

X  awi  tn 

90005 

30040 

000*7 

M004 

HU 

■10043 

3/11 

lO-H-OO 

0?  Mith 

CUM 

00343 

XI 17 

0X74 

DU 

*10044 

3/H 

04-10-00 

33  **4t4 

01503 

X240 

00034 

00X7 

1431 

*10043 

2/34 

00-10-0! 

00M*4tfl 

00 

03701 

unk 

000*0 

OOMO 

1*31 

*10043 

2/3* 

03-00-00 

0?*B84t4 

OHIO 

unk 

unk 

unk 

'  *31 

■10043 

1/17 

00-21-00 

I3«aaat* 

unk 

unk 

0071* 

0071! 

IH2 

■tOVJ 

3/tl 

0I-'I-II 

07  a*4 tti 

01171 

unk 

0073! 

MHO 

lit: 

■10043 

3/11 

03-03-09 

14  ee*tn 

20 

05*71 

unk 

007*2 

MM3 

1172 

*10043 

3/11 

10-11-10 

21  wtk 

0*012 

unk 

00124 

MIN 

H72 

*10044 

3/11 

04-10-90 

33  -BBntlt 

X37* 

00320 

00424 

00047 

1791 

■10043 

2/34 

00-10-90 

00*48414 

01403 

unk 

00074 

M(74 

'711 

*10043 

2/34 

03-00-00 

Oixaaath 

Mil* 

unk 

unk 

unk 

B-2 


01/ ’0/M 


wk'i  m  5tti/Mft*n«  fl»-0  *0* 
for  tten  OartltiMtiM  MOitlt 


/•"If* 

VtV 

Otntf 

In 

WltCI* 

7m 

Stttii  tan 

0««lt 

Data 

fla.0 

*0* 

t  Hgt* 

4*4*4 

Matt* 

tiin 

Inci 

"**/• 

•f 

Street 

rfouft 

111 

■1004) 

1/12 

OI-I0-U 

OCmnWi 

4) 

tint 

uf * 

000)1 

onk 

:l!l 

■1004) 

1/12 

0) -02-00 

O/NNttl 

04022 

Of* 

00071 

Of* 

1120 

■1004) 

1/17 

00-27-00 

t}NWth 

040)7 

00710 

Of* 

’•2* 

0-U 

11004) 

1/17 

05-17-M 

20«Mt4 

OM20 

u»* 

on* 

Iff* 

tin 

■1004) 

2/M 

00-10-01 

OONNtO 

00)00 

iff* 

000)0 

of* 

nn 

■1004) 

1/17 

02-00-00 

OlNDflth 

00004 

Of* 

jnt 

of* 

’in 

■1004) 

1/17 

00-25-00 

Unentlt 

00000 

Of* 

00070 

Of* 

'Ml 

4-12 

■1004) 

1/17 

OS-I0-M 

20*«*nm 

0)iM 

OJHO 

tint 

or* 

2007 

0-12 

■1004) 

1/17 

OS- 17-00 

00  Math 

02121 

02821 

tint 

of* 

’  2033/M 

0-12 

■1O0U 

1/17 

00-27-00 

01  antk 

02000 

00100 

00170 

00010 

1203)400 

0-12 

11004) 

1/1? 

03-02-lt 

10  With 

01400 

Of* 

001)1 

00131 

120)3441 

0-12 

■1004) 

1/17 

00-10-00 

00  antk 

11 

unt 

Of* 

OOOM 

00081 

Appendix  C 

Particle  Contamination  Standards 


(Based  on  100  m!  Samples) 
NAVAIR  01-1A-17 


Particle  Contamination  Level — By  Class 


Micron 

Acceptable 

Unacceptable 

Size 

Range 

0 

1 

2 

3 

4 

5 

6 

5-10 

2.700 

4.600 

9,700 

24,000 
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30,261 

44.456 

112,001 

177.592 

Typically  and  approximately 

Class  0  »  Huid  specification  Class  3  *  Critical  systems  in  general 

Gass  1 »  Ultraclean  system  Gass  4  •  Critical  systems,  in  general 

Gass  2  =  Good  missile  system  Class  5  *  Poor  missile  system 

Class  6  « Industrial  service 


Army  MERADCOM  (BRDEC)  Standard 
MIL-STD* I246B,  Level  200  for  Construction,  Earth  Moving,  and 

Material  Handing  Equipment 

Particle 


Size  Range 

Number 

Particle 

(Microns) 

Particles 

Size  Range 

Number 

(Microns) 

Particles 

Over  15 

4,190 

Over  25 

1,240 

Over  10 

100,000 

Over  50 

170 

Over  20 

1,000 

Over  100 

16 
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Appendix  D 

Typical  Values  and  Specification 
Limits  of  Some  Physical  Properties 
of  MIL-H-6083  Hydraulic  Fluids 


Physical  Property 

Test  Method 

Specification 

Limit 

Typical  Value 
(New  Fluid) 

Viscosity,  40°C,  cSt 

A  STM  D445 

13.0,  min 

13.7 

Acid  number.  mgKOH/g 

ASTMD664 

0.20 

0.08 

Water,  percent 

A  STM  D1744 

0.05,  max 

0.014 

Gravimetric  insolubles, 
mg/100  ml 

ASTMF313 

0.5,  max 

0.00 

Particle  size, 

#  particles  each 
size,  microns,  max 

5-23 

26-50 

51-100 
over  100 

Automatic 

Particle 

Counter 

10,000 

250 

50 

10 

2,000 

50 

10 

0 

4  Ball  Wear, 
scar  diam.,  mm 

A  STM  D4172 

1.00,  max 

0.780 

Galvanic  Corrosion 
(Corrosivity) 

FED- STD-791 
Method  5322 

pass 

pass 

Appendix  E 

Laboratory  Data  for 
Used  Hydraulic  Fluid 

V  1 

Of/ '0/M 

UOortttry  Salt  ?ur  UtaO  MydrauliC  pIvm« 


v«hicn 

tutor 

Sanpld  Fluid  ii'dt 

04(4  4^4  SinC4 

Chonft 

Mount 

Sinct 

Chnnjo 

Nrctnt 

flttr 

kid 

to. 

Vitc. 

0  40 
04«C 

Orou 

innoi. 

1*0) 

Itrt. 

Count 

5-25 

Heron 

Fart. 

Cant 

20-50 

■leron 

hrt. 

Count 

51-100 

Heron 

7*rt. 
Count 
>  100 
Heron 

Solutn. 

Corr 

4  li, 
(tor 

(40  eg, 

171 

00-19-10  07  nD410  00294 

00010 

0.092 

0  114 

11. 5 

0.20 

151.710 

400 

10 

0 

0  509 

171 

01-17-09  14  aenth  00333 

00017 

0.070 

0.212 

11. 1 

1.90 

411,770 

2.410 

no 

9 

171 

04-21-00  21  anth  un* 

00154 

0.07 

12.1 

2.04 

919,270 

4,300 

420 

20 

WIM 

09-21-00  09*anth  unk 

00229 

0.010 

0.12? 

13.5 

1.44 

290.500 

1,450 

110 

0 

0*a 

0.591 

*FIM 

01-00-19  07*anth  unk 

00217 

0.009 

0.104 

13.5 

1.49 

130,750 

25,540 

1,500 

140 

Kf  IM 

10-05-19  14«nonth  unk 

unk 

0.031 

13.2 

1.17 

PCf  104 

04-11-00  05  non  to  00430 

00044 

0.21 

13.1 

32.170 

55,070 

05.950 

(U 

241 

01-11-11  04  nonlO  unk 

ooon 

0.090 

0.202 

14.5 

12.40 

101,000 

2,400 

WO 

4 

4.701 

241 

01-00-11  1 1  anth  unk 

unk 

0.071 

0.144 

13.5 

0.91 

451,290 

2.150 

15. 

10 

ncm 

01-11-11  12  nonlO  02040 

00204 

0.014 

0.251 

11.4 

3  20 

1.517,010 

5.120 

240 

0 

0.423 

W2H 

01-02-19  11  nonth  02500 

00210 

0.111 

0.111 

13.1 

2.15 

217,000 

2.510 

HO 

0 

0  iso 

«2H 

11-21-11  27  nonth  02970 

00217 

0.0M 

13.1 

2.04 

1  342 

nc  204 

04-11-90  32  aonto  01141 

unk 

OH 

13.4 

13.50 

212,000 

29,320 

2.750 

400 

0  145 

354 

09-11-11  Cl  aonto  unk 

00054 

0.001 

0.257 

13.7 

5.50 

1.420.110 

1,040 

00 

0 

0  143 

jse 

01-01-19  13  nonth  unk 

00017 

0.074 

0.201 

13.7 

1.01 

312, :» 

2,410 

100 

0 

0.971 

354 

!C-'5-!f  20  anth  unk 

00332 

0.03? 

0.51 

0  455 

354 

04-19-90  21  anth  unk 

unk 

0.05 

<1.5 

1.70 

1,011,910 

2,420 

no 

0 

0  940 

•T434 

01-22-M  02  annth  OOMi 

00004 

o.on 

0.104 

11. 1 

1.10 

550,050 

20,240 

10 

0 

0.940 

Ml  414 

01-02-14  09  nonth  00421 

00047 

0.047 

0.090 

11.2 

2.50 

170,279 

21. 110 

1,244 

40 

■Hr  414 

n-21-11  17  aanth  OtlM 

OOtll 

0.021 

11.1 

2.21 

H  414 

04-11-90  22  ninth  01117 

00102 

0.07 

11.5 

2.12 

1,045,970 

4,150 

110 

20 

0*1301 

09-21-11  01  ttnth  00077 

00009 

0.090 

0.147 

11.5 

1.70 

422,420 

25,420 

510 

2 

0.012 

0*1501 

03-01-99  05  anth  00211 

00054 

0.059 

0.127 

11.4 

1  S3 

210,120 

9,510 

1.010 

10 

m  soi 

10-04-19  14  annth  01301 

00121 

0.042 

11.2 

1  15 

■rrwi 

04-12-90  04  anth  unk 

00010 

0.07 

1.50 

1,277,510 

9,750 

230 

4 

E*1 


’•»%.  I 

01/18/M 


UHflttey  Oltl  for  MM  Nyoraul  >c  F I g  i a 


VlhiClt 

SmII 

*  I  u  *4 

■•IM 

Hogri 

Nrent 

AC>« 

Vito. 

Sr  tv. 

hirt 

Nrt. 

•trt. 

F«rt. 

Colvin  t  to. 

Out»»r 

Otto 

*9* 

Srnet 

Jihel 

tatir 

1  to 

lOIOl. 

Count 

Count 

Count 

Count 

Corr.  nor 

Ch|n*» 

CHingl 

OmC 

!•»> 

5-28 

il-U 

SMOO 

>  IM 

UO  <) 

Vieron 

lieron 

lieron 

lieron 

WTM 

00-23-tl  01  nontn  00143 

00014 

0.042 

0.120 

13.3 

4  44 

202.540 

1.240 

144 

0 

0  872 

■TWO 

33-32-8*  0*  montn  00771 

00040 

0.044 

0.124 

13.3 

2.44 

251.440 

2.470 

220 

10 

an  tit 

IO-Oi-81  93  month  00020 

00002 

0.017 

13.4 

0.74 

an  m 

04-11-00  07  montn  u«k 

unk 

0.90 

13.5 

1.12 

1.441,510 

2.320 

240 

0 

mm 

04-17-84  07  month  00411 

00053 

0.074 

9  Itl 

13.5 

3.00 

8.207.210 

24,174 

270 

14 

0.848 

an;» 

33-02-84  14  month  OOOM 

00007 

0.2M 

0.130 

13.2 

1.03 

241. 180 

3.734 

M 

10 

3.  ’42 

an  m 

11-21 -10  22  month  00143 

00130 

0.444 

13.1 

1.17 

0  $85 

an  nt 

04-1 1-00  27  month  04030 

00403 

0.21 

13  4 

5.34 

1,474,000 

4,740 

420 

0 

0.853 

1190 

08-10-84  02  month  unk 

00004 

0.044 

0.243 

13.1 

3.52 

1.244,540 

too 

40 

0 

o  sac 

l  IM 

03-17-80  00  month  00040 

00113 

0.044 

o.iu 

13.5 

0.74 

140,810 

27.154 

424 

10 

'lit 

00-23-80  It  month  unk 

00170 

0.030 

13.7 

0.80 

lift 

05-18-00  23  month  0I3M 

unk 

0.14 

13.0 

2.18 

1314 

8-18-88  OO-wth  unk 

00044 

0  0*7 

3.274 

13  5 

1.84 

111.400 

4.240 

70 

0 

o  )•: 

1314 

03-03-40  00  month  00040 

00004 

9  941 

0.210 

13.8 

0.1* 

457.110 

I.4N 

150 

to 

1314 

10-14-40  07  month  0OV3 

04071 

0.018 

13.4 

0  88 

'314 

04-10-00  03  mth  00244 

00047 

0.10 

13.7 

4.0 

54.004 

8.010 

I.2M 

IM 

143t 

04-18-84  00-month  unk 

DOOM 

0  078 

0  254 

13.8 

7.30 

445.810 

2.450 

IM 

10 

0.810 

1431 

03-00-40  07-month  unk 

ui* 

0.024 

0.130 

13.8 

1.54 

834.130 

7M 

40 

0 

1431 

00-20-40  13-month  unk 

00710 

4.014 

13.4 

0.23 

lift 

04-14-44  07  month  unk 

001 10 

0.131 

0.245 

14.1 

4.04 

1.740.100 

3,470 

M 

4 

MU 

0.822 

1*72 

03-03-80  14  month  unk 

00143 

0.044 

0.130 

13.7 

2  31 

270, 0M 

1,170 

IM 

0 

Hf2 

1 0-1 1-80  21  month  unk 

00106 

0.024 

14.0 

0.M 

0  833 

18/2 

04-10-M  03  with  00323 

00047 

0.04 

13.4 

1  so 

801,749 

7.444 

1.220 

40 

0  831 

1791 

04-14-84  00-<aonth  unk 

00474 

0.103 

0.174 

14  2 

5.74 

348.440 

1,370 

310 

10 

0.840 

1701 

03-00-80  07-month  unk 

unk 

0.041 

0.144 

13.7 

1.74 

313.730 

2,010 

120 

0 

0  182 

E-2 


al(l  ho. 

09/'0/90 


3 


laooratory  Sat*  for  Um4  Hydrauhe  Fluid 


v*n  i  c .  • 

hvnOar 

Sarv  •  F'u'd  4 1  ii 

Cato  *9*  Sine* 

Chang* 

Houri 

Sme* 

Chang* 

F»re*nt 

lat«r 

Ac  id 
ho. 

Vue. 

1  40 

0«g  C 

Grav. 
Intol . 

(mg) 

Fart . 

Count 

5-25 

Micron 

Fort. 

Count 

28-50 

Micron 

F»rt. 

Count 

51-100 

Micron 

Fart. 
Count 
>  100 
Micron 

Galvan. 

Carr. 

4  9a 
d*ar 

(40  kj! 

<124 

08-19*88  00 •month  unk 

unk 

0.097 

0.238 

13.7 

4.38 

1.564,780 

1,510 

120 

0 

pat* 

0.623 

1824 

03*02*89  07*month  unk 

unk 

0.171 

0.124 

13.7 

1.59 

276,320 

5,750 

410 

0 

1824 

09-27-89  l3«*Mhth  unk 

unk 

0.051 

13.9 

2.09 

1824 

OS- 17-90  20m*onth  unk 

unk 

0.14 

13.9 

4.28 

1838 

08-18-88  00«month  unk 

unk 

0.081 

0.291 

13.7 

2.74 

526,400 

690 

too 

0 

pat* 

0.721 

1839 

03-00-89  07«month  unk 

unk 

0.098 

0.277 

13.9 

0.42 

533,600 

1,160 

120 

0 

<839 

09*25-89  l3»tnontn  unk 

unk 

0.044 

13.3 

0.87 

1839 

05-18-90  20*month  03150 

unk 

0.12 

13.8 

3.10 

2807 

05-17-90  09  month  02821 

unk 

0.12 

13.5 

12033488  09*27*89  0<  month  00100 

00010 

0.027 

13.8 

1  21 

12033480  03-02-89  18  month  unk 

00131 

0.242 

0.251 

13.9 

1.69 

334,480 

9.200 

430 

to 

12033488  08*19*88  09  month  unk 

00088 

0.050 

0.280 

13.0 

11.42 

1,708,750 

2,080 

40 

0 

0  791 

E-3 


Appendix  F 

Data  on  OHT  Samples  by  Fluid  Age 


No. 

59/: 0/30 

3tta  fin  OmT  Sanpm  3y  Fima  lg« 


S*r:»l  t 

Chtngt  Oit* 

fluid  4)1 

9i  i ttfi 

tngin* 

Hours 

I  «at»r 

Acid  l 

V*K 

5 r*v.  • 

Qalvomc 
Carr  9* ion 

4  6*1! 

■par  r*»t 

1114 

02-22-89 

00  month 

00805 

00087 

0.085 

0.210 

13.6 

0.19 

PCF164 

unk 

OOrmpnth 

02036 

00229 

0.098 

0.127 

13.5 

3.44 

04*4 

0.591 

1314 

Ul* 

00 -month 

00555 

00096 

0.097 

0.274 

13.5 

1.88 

0.812 

1439 

unk 

00-month 

03705 

00666 

0.078 

0.258 

13.8 

7.30 

0.610 

1791 

unk 

00 -month 

06403 

00674 

0.103 

0.176 

14.2 

5.76 

ptSm 

0.840 

1824 

unk 

00 -month 

unk 

00621 

0.087 

0.239 

13.7 

4.38 

pa** 

0.823 

1839 

unk 

00 -month 

00365 

00035 

0.081 

0.291 

13.7 

2.74 

pa** 

0.721 

997501 

08-00-88 

01  month 

00077 

00009 

0.098 

0.147 

13.5 

3.78 

0.612 

997619 

09-02-88 

01  month 

00143 

00014 

0.042 

0.126 

13.3 

4.48 

0.672 

12933418 

08-01-89 

01  month 

02098 

00178 

0.027 

13.8 

1.21 

997434 

06-00-88 

02  Month 

00065 

00004 

0.033 

0.164 

13.1 

5.16 

0.988 

H99 

06-03-88 

02  month 

unk 

00094 

0.068 

0.243 

13.1 

3.52 

0.586 

997  <19 

07-06-89 

03  month 

00795 

00276 

0.017 

13.4 

0.74 

1314 

01-90 

03  month 

01503 

00634 

0.10 

13.7 

4.0 

'872 

01-90 

03  month 

.  06376 

00924 

0.04 

13.8 

1.50 

0.531 

2*1 

04-0C-88 

04  month 

00376 

00038 

0.098 

0.292 

14.5 

12.48 

0.701 

897501 

12-11-89 

04  month 

01799 

00192 

0.07 

12.9 

1.66 

PCf  184 

11-07-89 

05  month 

03313 

00376 

0.21 

13.4 

B97501 

10-00-88 

05  month 

00696 

00082 

0.099 

0.127 

13.4 

3  53 

356 

02-00-88 

06  month 

00905 

00127 

0.081 

0.267 

13.7 

5.58 

0.643 

171 

01-18-88 

07  moth 

00354 

00704 

0.092 

0.314 

13.5 

5.28 

0.609 

997  619 

08-11-89 

07  month 

00771 

00208 

0.09 

13.5 

1.12 

997726 

01-00-89 

07  month 

0081 1 

00083 

0.076 

0.191 

13.8 

3.09 

0.646 

1314 

03-89 

07  month 

01109 

00157 

0.019 

13  8 

0.95 

1672 

01-11-88 

07  month 

05975 

00739 

0.131 

0.245 

14.1 

6.04 

POM 

0.622 

PCf 184 

07 -month 

02597 

00297 

0.089 

0.104 

13.6 

9  49 

F-l 


09/10/90 


On*  on  ON?  Sa^lH  By  Fluid  Aj» 


Str i«l  J 

Chtnjt  3itt 

t'ji«  »9« 

Miiugo 

£nj:n« 

Hourt 

I  Vlttr 

Ac  > 

v  ;sc 

Ortv. 

Stlvth.C  4  841. 
Carrot. on  #*| r  Tttt 

U3J 

unt 

OJ-menth 

96638 

unk 

0.026 

0.130 

13.9 

1.56 

:?9' 

unt 

07«*nontlr 

06558 

unk 

0.C9I 

0.184 

13.7 

1.74 

0.962 

'924 

unt 

07-month 

04922 

00671 

0.171 

0.124 

13.7 

1.59 

1834 

unt 

07-month 

00994 

unk 

0.098 

0.277 

13.1 

0.42 

BHT819 

09-00-98 

09  month 

00771 

00080 

0.066 

0.-24 

13.3 

2  68 

Mr  434 

08-00-88 

09  month 

00423 

00047 

0.047 

0.099 

13.2 

2.56 

’  194 

06-00-88 

09  month 

01095 

00200 

0.048 

0.153 

13.5 

0.74 

2807 

08-01-89 

09  month 

02921 

unk 

0.12 

13.5 

12033498 

11-04-87 

09  month 

unk 

00098 

O.OaO 

0.280 

13.0 

1?  .42 

0  791 

24: 

04-00-88 

ll  month 

00911 

unk 

0.073 

0.144 

13.9 

0.96 

FMC288 

08-00-87 

12  month 

02040 

00204 

0.094 

0.258 

13.4 

3.20 

C  623 

359 

02-00-68 

13  month 

01212 

06169 

0.074 

0.208 

13.7 

1.03 

0.971 

1439 

unk 

13-month 

unk 

00719 

2.018 

13.4 

0.23 

<824 

unk 

13-month 

04937 

00716 

0.051 

13.6 

2.09 

1839 

unk 

'3-month 

00650 

00075 

6.044 

13.3 

0.87 

171 

0? - : 5-88 

14  month 

00393 

00741 

0.070 

0.212 

13.8 

1  96 

3«r  501 

09-98 

‘4  month 

01316 

00126 

0.942 

13.2 

1.35 

9M7728 

01-00-88 

14  month 

00956 

00097 

0.266 

0.130 

13.2 

1  ■  53 

0.742 

1672 

01-11-88 

14  month 

05875 

00792 

0.066 

0.130 

13.7 

2-36 

Kf  184 

unk 

1 4 -month 

03883 

00326 

0.038 

13.2 

1.87 

1144 

06-98 

16  month 

02482 

00264 

0.030 

13.7 

0.69 

12033488 

12-00*87 

16  month 

0U95 

00131 

0.242 

0.251 

13.9 

1.66 

Mr  434 

06-99 

17  month 

OHM 

00113 

0.023 

13.3 

2.23 

F9C288 

08-00-87 

19  month 

02500 

00250 

0.U3 

0.118 

13.4 

2.15 

0.664 

356 

02-89 

20  month 

01545 

00404 

0.037 

13.9 

0.51 

0.665 

1924 

unk 

20 -month 

05829 

unk 

0.14 

13.9 

4.26 

®ig*  M.  3 

59/ '0/90 

Oata  on  OhT  Sanplaa  »y  Fluid  Aga 


Sr  i  « 

Chang*  Oata 

r'Uid  Ajt 

4  11(1 

£ng:n* 

Hour* 

I  tlttr  kc id  • 

Vi«C 

Gray. 

Qaivanic 
Cor  rot, on 

4  6*1! 
Mar  ?*tt 

'939 

unk 

20**onth 

03760 

unk 

0.12 

13  8 

3.70 

1672 

01-88 

21  TOAtft 

06062 

00824 

0.026 

14.0 

0.90 

0.833 

W  <34 

6-64 

22  month 

00317 

00162 

0.0? 

13  5 

2.12 

am  ns 

01  -88 

22  month 

00143 

001S9 

0.084 

13.1 

1.47 

0  595 

1799 

06-N 

23  non  tli 

01390 

unk 

0.10 

13.0 

2.16 

171 

unk 

26  WAtfl 

03224 

00630 

0.07 

12.9 

2.04 

366 

02 -8a 

26  month 

01646 

00404 

0.06 

13.8 

1.76 

0.968 

F*288 

08-8? 

27  month 

02970 

00297 

0.039 

13.3 

2.05 

1.362 

3»rr  726 

01-88 

27  month 

0403C 

00403 

0.21 

13.4 

S.36 

0.863 

Fit  286 

8-87 

32  month 

02038 

00344 

0.13 

13.8 

13  58 

0.848 

Appendix  G 

4  Ball  Wear  Test  Data 


Scar  Diamater,  mm 


Age  of  Fluid,  in  Months 


G-i 


Appendix  H 

AOAP  Data  From  Ft.  Sill  Samples 


5»9»  Mo, 

39/' •  90 

MAP  Ottl  Iran  Ft. 

Sill 

Strain 

Vtniei* 

0*t* 

S'ACt 

Ovni 

Sine* 

Chong* 

04  oa 

8*M 

v.* 

H20  F£ 

AS 

41 

CP 

CU 

80 

• ! 

88 

SN 

Nl 

80 

Si 

XA 

■X 

i 

171 

5-20-88 

- 

- 

342 

018 

ptu  005 

000 

007 

003 

013 

003 

002 

OtO 

000 

002 

003 

010 

017 

014 

003 

«CM«4 

11- 12-81 

241 

248 

2237 

dll 

fill  898 

om 

m 

M2 

M2 

801 

OM 

Ml 

OM 

OM 

OM 

980 

017 

¥0 

yyi 

PCF104 

4-17-M 
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Appendix  I 

Data  From  Gravimetric  Analysis  of 
Samples  Using  5.0  Micron  Filter, 
as  Used  in  Navy  Patch  Kit  Test 
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Appendix  J 

Correlation  of  Gravimetric  Insolubles 


“  Navy  Patch  Kit  Class 


Navy  Patch  Kit  Rating:  Gasses  l,  3, 5  are  passes 
6  *  fail;  7,  8, 9  are  worse  than  6 
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US  Army  Ihnk  Automotive  Command 
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Fon  Knox.  KY  40121 


Commander 

US  Army  Quartermaster  School 
1  ATTN:  ATSM-CDM 

1  ATTN:  ATSM-PWD 

Fort  Lee,  VA  23801 

Commander 

US  Army  Combined  Arms  A  Support  Command 
1  ATTN:  ATCL-CD 

1  ATTN:  ATCL-MS 

Fort  Lee,  VA  23801-6000 

Commander 

US  Amy  Field  Artillery  School 
l  ATTN:  ATSF-CD 

Fort  Sill  OK  73503*5600 

Commander,  US  Amy  Tank-Automotive  Cmd 
Product  Manager — Commercial  Construction 
Equipment/S  MHE 
1  ATTN:  AMCPM-TVC 
Whrren,  MI  48397-5000 

Commander 

US  Amy  Ordnance  Center  A  School 
1  ATTN:  ATSL-CD-CS 

Aberdeen  Proving  Ground,  MD  21005 

1  Chief,  US  Army  Logistics  Assistance 

Office.  LAO-CONUS 
ATTN:  AMXLA-CO 
Fort  McPherson.  GA  30330-6000 

2  Director 
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(SwRQ 

ATTN:  Mr.  S.  J.  Lem 
Poet  Office  Drawer  28510 
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Commander,  in  Corps  Artillery 
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Fort  Sill,  OK  73503 

1  Commander,  First  Battalion 
17th  Field  Artillery 
Fort  SUl.  OK  73503 

1  Commander,  Second  Battalion 
ISth  Field  Artillery 
Fort  Sill,  OK  73503-601* 

1  Commander,  Third  Battalion 
18th  Field  Artillery 
Fen  Sill,  OK  73503 
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1  Commander.  Fifth  Battalion 
18th  Field  Artillery 
Fort  SU1,  OK  73503 

Commander 

US  Armament,  Munitions, 
and  Chemicals  Command 
1  ATTN:  AMSMC-MAW 
1  ATTN:  AMSMC-MAW-EF 

Rock  Island  Arsenal,  IL  61299-6000 

Chief 

US  Army  Logistics  Assistance  Office 
1  ATTN:  AMXLA-C-SL  (LTC  Tblson) 

P.O.Box  33069 
Fort  Sill,  OK  73503-0069 
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USAFACS,  Directorate  of  Logistics 
1  ATTN:  ATZR-LOL 
Fort  Sill.  OK  73503-5100 
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US  Army  Armament  RDAE  Command 
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US  Army  Armament,  Munitions  A  Chemical  Cmd 
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1  ATTN:  AEAOD-MMC-BT-Q(Mr.  Rothhaar) 
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US  Air  Force  Wright  Laboratories 
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1  ATTN:  MLSB  (Ms.  Reid) 
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Kelly  Air  Force  Base,  TX  78241 
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Warner  Robins  Air  Logistics  Center 
1  ATTN:  WRALC/MMVR  (Mr.  Peraaota) 
Robins  Air  Force  Base,  GA  31098 
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2  Commander 
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1  ATTN:  LPP-2  (MAJ  NichoU) 
Washington,  DC  20380 

1  Joint  Oil  Analysis  Program 
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Building  780 
Naval  Air  Station 
Pensacola.  FL  32508-5300 
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t  Commanding  General 

USMC  Research,  Development 
U  Acquisition  Command 
AITN:  Code  SS 
Vashington.DC  203804)001 
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